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FOREWCRD

A contract was awarded to National Drug Company at Swiftwater, Pa.,
a division of Richardson-Merrell, Inc., by the U.S. Army Medical Unft to
develop and produce vaccines for use in humans. The type of vaccines
produced is to be joverned by the U.5. Army Surgeon General. Among many
other problems assoclated with vaccine production for human use is the
ever-present problem of occupational illness among laboratory personnel.
In order to control the potential hazards to workers, the bullding was
designed, constructed in 1962-1963, and equipped in accordance with
presently acceptable design features for infectious disease laboratories.
However, equipment designed and built with what appears to be desirable
features 18 not necessarily biclogically safe. The assistance of Industrial
Health and Safety Division, Fort Detrick, Marylard, was obtained to losate
and evaluate the hazards of working with pathogenic micrnorganisms.

Assistance and guidance given by Dr. A. . Wedum and Mr. G.G., Gremillion
in the planning and evaluation >f the microbiological tests, and their
editing of the text, are sincerely appreciated. The author is indebted
te Messrs, A.B, Dove and J.E. Main of Fort Detrick for thelr technical
assistance and to Messrs. J.W. Miller and J,H, Detrick of Natiomal Drug
Co. for their cooperation in periorming the actual tests, without which
the data could not have been obtained. Cuidance from others when necessary
wasg obtained and although they are not mentioned by name, their assistance
is gratefully acknowledged.

ABSTRACT

Operation of buildings and egquipment for work with parhogenic micro-
organisms often involves inherent bazards unknown to persoznel respomsible
for design, construction, budgeting, or research, To a significant extent
the facilities and equipwent of a laboratory building will aid or deter
efforts of operating personnel in maintaining good environmental cortrol
and in preventing laboratory iufections, The tests reported here were
desigrned to evaluate the mirrobiologicail hazards assoclated with equipmznt,
general building desigr, construction, operational features; efflvent
treatment system, and routine research operations in a nawly constructed
vaccine production facility. The testing procedures and equipment used
ure described or referer med and the results are tabulated to show Lhe
method ujed teo asgsess the microbiological hazards.

The risks to perssnnel are characterized, and methiods are cecummeuded
to improve operation of the building as designed, to modify equipment,
and to eliminate hazards.




DIGEST

Simulant microorganisms were used to determine the biological operating
efficiency of an infectious disease building that is to be used in produc-
ing human vaccines., Biological safety tests and evaluations reported here
were designed to: (i) protect laboratory workers agalnst occupational
illness, ({i) protect the surrounding community from escape of pathogenic
microorganisms, and (1ii) prevent the accidental discharge of pathogenic
microorganisms into normal effluent waste systems. Challenge concentra-
tions used to determine biological efficiency of equipment or procedures
generally exceeded the estimated normal operating amounts in order to
demonstrate hazardous conditions, and to insure recovery of microorganisms
so that comparisons could be made.

The scepe of this report includes: (i) testing procedures, (ii) design
features of equipment, (1il) Luilding design, {(iv) sampiing equipment used
for recovery of microorganisms, (v) disseminating devices, (vi) hazarda
assoclated with microbiological safety cabinets, (vii) efficiency of cabi-
net and exhaust filters, (viii) operational aspects of exhaust systems,
(ix) evaluation of the contaminated effluent waste system, (x) hazards
associated with a refuse incinerator, (xi) hazardous laboratory techniques,
(xi1) effect of electriral failures, (x1ii) building sterilization, and
(xiv) other general features associated with evaluating an infectious
disease laboratoery.

The microbiological safety testing showed that the cahinet and plenum
exhaust filters are removing aerosolized microorganisms from the exhaust
air at their designed efficiency. The ventilation system is adequate when
functioning in accordance with its designed air flow, but any imbalance
could create a hazard to operating personnel. Other potential hazards
that could result in an occupational illness were demonstrated, such as

these resulting from the rupturing of an exhaust duct, the release of

microorganisms from an exhaust booster blower for unfiltered animal

cages, a common laboratory accident, the pouring of infectious materials
down an open drain, and working in a microbiciogical cabinet under various
closure conditions.

Effluent containing vegetative microorganisms was sterilized at 107 G
in less than fifteen minutes. However, sterilizatior of effluent contain-
ing spores was not conclusively determined because conflicting results
were obtained on repeated tests.
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I. INTRODUCTION

The vaccine productinn facility at National Drug Co., Swiftwater,
Pennsylvania, is a brick and masonry three-level structure (Fig. 1l).
The laboratories are located on the first floor; the second level
("crawl space'), which is concrete slabbed, illuminated, and vented,
houses all ducts and pipe systems (Fig. 2); the third level ("attic")
houses filter plenums, blowers, stills, and other necessary equipment
for operating the building,

The offices, lunch room, conference room, and boiler room, which
houses an emergency diesel-powered generator, are located on the first
floor adjacent to the laboratories. A small brick structure housing
two 5,000-gallon glass-lined tanks for sterilization of all infectious
effluent waste is located near the laboratory.

The laboratory area is divided into five suites, four of which are
to be used for vaccine production, The fifth is for rearing and holding
clean* animals.

Clean corridors surround each suite on three sides (Fig. 3). View-
ing windows to each laboratory room face the corridors (Fig. 4) and are
used to observe cultures, animels, and equipment and for routine fire
inspections. Two through-the-wall autoclaves and a UV pass box (Fig. 5)
are centered in each suite and connect with the interior corridor that
serves as a support area for all suites (Fig. 6). Intercommunication
is available between the service area and suite and between the suite
and air-lock areas located on the end of each suite, A communication
page system is interconnected with the telephone and a centrally located
public address system.

The exterior walls of each suite contain service panels (Fig. 7) to
permit repairs and control of utilities without having to enter the
suites. Additional light switches are located near each viewing window
so that illumination of the laboratory may be controllrd externally for
routine security checks.

Air for ventilation of each laboratory room enters at the center of
the ceiling through a diffuser surrounded on two sides with windows that
cover fluorescent lights housed in the crawl space (Fig. 8). These
windows and ventilation duct are sealed and gerviceable from the crawl
space (Fig. 9). The supply ventilation, both temperature and relative
humidity, can be controlled and checked externmally from the attic
(rig. 10).

* Clean as used in this text applies to moainfectious areas or normal
animals.
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Figure 1. The National Drug Co.

Figure 2,

Second lLevel - Crawl Space.
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Figure 5,

Figure 4, Laboratory Viewing Window,

Ultraviolet Pass Box,

Intercommunication System,
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Figure 6. Central Service Area,
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Figure 7. Wall-Mounted Service Control Panel,
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Figure 8.

o

Supply Ventilation in Ceiling with Glass Panels
for Fluorescent Lights.

Figure 9. Fluorescent Light Serviceable from
Crawl Space.



Figure 10, Attic External Controls —
Supply Ventilation.

Versatility was designed into the laboratory suites by providing
(i) connections for additional hoods; (ii) hoods mounted on rollers
for relocation within the same room, suite, or other suites; (iii) remov=-
able panel walls for enlargement of rooms or to connect two suites;
(iv) dual exhaust filter plenums to permit continuous operation;
7y) individual supply and exhaust systems for each suite; (vi) quick-
.isconnect couplings for services to the laboratory; (vii) a refuse
‘neinerator in each suite; and (viii) central control of all blowers
and major mechanical equipment (Fig. 1l1).

15
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Figure 11. Building Master Control Panel.

The purpose of the biological safety testing program was fourfold;
(1) to demonstrate the hazards of certain biological operations; ! (ii)
to determine any hazards associated with equipment operation; (iii) to
determine if the equipment, as designed, was functioning properly; and
(iv) to determine if operation uf the building presented biological hazards
to personnel or to the surrounding community.

In the design of the biological safety tests a few basic ccncepts must
be considered and technical validity assessed accordingly. Chellenge
doses of test microorganisms exceeded the estimated normal operating
amount. They were adjusted to permit recovery of microorganisms so
that comparisons could be made, and to demonstrate the various hazards.
Some biological testing was expedited because of the time allotted (one
week). Similar pieces of equipment had to be tested without the benefit
of the results of previous tests. Therefore, some tests appear unrealistic
or information is questionablie and the tests should be repeated later.

The author's mention of a brand name is not to be construed as an
endorsement of the product, but is used to characterize the type of
equipment.

Controls were run on all sampling media and dilution blanks, and
were found satisfactory.
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IT. SAFETY CABINETS

A. DESCRIPTION

The biological safety cabinets throughout the bujilding are standard
six-foot gas-tight stainless steel cabinets manufactured by Kewaunee*
(Fig. 12). Each cabinet is equipped with one 34-inch cold cathode ultra-
violet lamp (782-L-30, 17 watt), three fluorescent lamps, and quick=
coupler connections for gas, air, electrical, and vacuum service. How-
ever, none of the cabinets is equipped with hot or cold water or with a
drain. Each cebinet is exhausted through a filter pocket, mounted directly
behind the cabinet (Fig. 13), that contains two layers of fiber glass
filter medium,** 2 feat by 3 feet by % inch (50 FG). The filter connects
by a section of flexi>le fiber glass duct (Fig.12) to the building exhaust
duct system that terminates in a plenum contuining the building exhaust
filters. A manually controlled damper to adjust cabinet air flow is
located between the flexible hose and the rigid pipe on the exhaust
gside of the filter. The cabinets are mounted on rollers for relocation
within the room, suite, or other suites according to working requirements.
A magnehelic gauge on top of the cabinet indicates the negative pressure
within the gloved cabinet, and a second gauge is installed across ths
filter to indicate the increasing resistance as the fiber glass filter
medium becomes dirty and needs changing. Two absolute filters (8 by 8 by
6 inches) on each end of the cabinet provide the necessary makeup air when
the hinged cabinet front is closed and gloves are attached, The cabinet
is equipped with two pairs of 5-inch glove ports for use with arm-length
neoprene gloves. The hinged cabinet viewing window is made of acrylic
plastic (Fig. 12).

All 11 cabinet filters were evaluated with a suspension of Serratia
marcescens organisms to determine the efficiency of the filters on the
back of each cabinet, to determine the travel distance of the micro-
organisms along the duct-work, and to determine the efficiency of each
suite's main plenum (equipped with pockets of 50 FG fiber glass filter
medium)., Modifications to show and evaluate biological hazards of working
with infectious microorganisms were incorporated in the standardized cabi-
net testing technique, and where appropriate will be noted in the text.

* Kewaunee Manufacturing Co., Adrian, Michigan.

*% Filter medium is composed of superfine fibers of spunglass wocl
averaging 1.28 microns or less in diameter bonded with a phenolic
binder. It is capable uf withstanding 600 F and 1007 relative
humidity.




Figure {2, Kewaunep Riological Cabinet

Fioure 13,

Rnck~Muunlud Exhaust Filter,
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B. TESTING CABINET FILTERS

A liquid suspension of S, marcescens microorganisms was prepared {rom
the stock culture (count 1.5 x 1080 organisms per ml), The manually con-
trolled damper was set to give a reading on the Dwyer gauge of 2,8 x 10°
linear feet per mirute. With this setting the air flow across the open-
front cabinet as checked with an Alnor Velometer was a minimum of 55 linear
feet per minute. At this setting the theoretical cabinet exhaust rate as
desipned is 250 cubic feet per minute (cfm). This desizn figure was used
throughout the cabinet safety testing to obtain the theoreticel challenge
concentration.* The calculated theoretical concentration of S. marcescens
organisms used was 5.5 x 10° organisms per cubic foot of alr. This was
obtained by dtlut}ng the stock culture in sterile distilled water to a
count of 1.5 x 10 organiams per milliliter immediately before dissemination,

The adjusted liquid culture was disseminated for ten minutes into the
cabinet with a pneumatic atomizing riozzle (see the Appendix for deterip-
tion) to provide a dense cloud of the test microorganisms.

Bacterial aerosol sampling locations were (i) immediately above the
cabinet filter (Fig. 14), (ii1) at mid-point along exhaust duct between
cabinet filrer and suite's exhaust plenum, (1ii) on contaminated side
of exhaust filter plenum, and (iv) on clean side of exhaust filter plenum
(Figs. 15 and 16). The air within the enclosed exh.ust system, which was
originally hydrostatically tested at 8 inches of water pressure, was
sampled by inserting a short section of }-inch OD copper tubing (gradual
bend into air stream) into the duct and then attaching a sieve air sampler
with a %-inch ID heavy-walled rubber tubing. The sieve sampler in turn
was connected to a Gast portable exhaust pump. This sampling arrangement
permitted one cfm of exhaust air from within the duct to be drawn across
the surface of the culture medium plates in the sampler.

* Sample Calculations:

1. Organisms per cubic foot of air.

ml of culture disseminated per minute x organisms per ml _
air exchange (cfm)

organisms per cubic foot (challenge concentration)
2. Per cent efficiency of fiber glass filters.

(number in) - (number out)
(number in)

per cent efficiency = x 100
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Figure

Flonre 19,

4.

Ar

of

Aerosol Sampliog Tmuediatelyv above
Cabinet Filter.

Sieve Sampioae trom Clean and ot sides
Filter "lenum,
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Before testing each cabinet filter in Suite 4, a 10-minute control
sample was taken for the test organism (time period A), Then a 10-minute
sample was drawn during dissemination of the test organism (time period B).
Finally, two successive 10-minute samples were drawn after dissemination
(time periods C and D). Modifications were made during tests of cabinet
filters in three suites to expedite completion of the tests as follows:
the culture was disseminated for 5 minutes instead of 10, the control
sample was taker for 5 minutes (time period A), then a l-minute sample
was taken (time period B), followed by a 4-minute sample (time period C),
and subsequently a 10-minute sample post-dissemination. All sieve samplers
were sterilized before each use by autoclaving or heating the sampler cover
with an alcohol flame. When slit samplers were used ethyl alcohol was
poured through the slit opening and ignited.

C. RESULTS AND ANALYSIS

Results of all tests of safety cabinet filter exhausts are shown in
Table 1. The data show that:

1) Test organisms were recovered on the exhaust side of the cabinet
filter. This was anticipated because of the large concentration of micro-
organisms used during all testing. Normally, one would not expect to
have as dense an aerosol cloud created during normal operating conditions.

2) Organisms were recovered inside the exhaust duct as far as the
exhaust filters.

3) Actual recovery of organisms may be lower than expected because
of (1) loss in viability of the organisms due to the physical forces
exerted by the atomizing device, (ii) loss of organisms due to impinge-
ment along the duct system and along the copper or rubber sampling tubes,
(i1i) efficiency of the samplers used for collecting the organisms,
{iv) probable existence of a heterogeneous cloud rather than a homogeneous
cloud of organisms throughout the exhaust ventilation system, and (v) normal
decay rate of aerosolized S. marcescens.

4) The relatively high recovery of organisms at time period D, Suite &4,
Room B can be attributed to temporary partial clogging of the pneumatic
atomizing nozzle so that the total volume of microorganisms was not
atomized in the normal 10-minute dissemination time. Total time for
dissemination in this test was 15 minutes; therefore, with the extended
dissemination time, one would expect proportional recovery of organisms
in greater concentrations at a later sampling time,

5) The cabinet exhaust filters are removing microorganisms in propor-
tion to the type of filter medium used., This shows that the filters were
properly installed and filter frames do not have large openings.



TABLE 1.

SAFETY CABINET FILTERS

RECOV "RY OF S. MARCESCENS IN TESTS OF BIOLOGICAL

Agorage Organisma Per Cu. Ft. at Sieve Sampler Locatjon

1 2 3 4
Just Clean Per Cent /
Time Above CAab, Midpoint in Duct Contam. Side side Efticiency®
Suite and Room Period Filter From 1 to 3 Exhaust Filtey Filter Exhaust Filter
b/
4-B A~ Neg. Neg. Neg. Neg.
B vres/ 6.5 15.7 Neg. 100
4 TNTC 4.8 12,9 Neg.
D TNTC 17.9 8.4 Neg.
4=C A Neg. Neg. 4/ Neg.
B TNTC TNTC TNTC Neg, 100
c TNTC 16,6 0.4 Neg.
D Neg. Neg. Neg. Neg.
1-B A Neg. For remainder of Neg. Neg,
B 29 tegta midpoint 196 Neg. 99.999
See text for [+ 70 sampling location TNTC 0.5
deviation, D 21.3 was eliminated 1.2 Neg.
because organisms
traversed the duct
and location 3 gave
sfwflar information.
1-E A Neg. Neg. Neg.
B Neg. 3 1 99.999
c Neg. 2 0.5
D Neg, Neg., Neg.
1«0 A Neg. Neg. Neg.
B 227 No impingement 1
¢ ™IC No impingement 1,7 99.999
D TNTC No impingement 0.1
3-E A Neg. Neg. Neg.
B Neg. 91 Neg. o
c 2,5 98.2 Neg. 100
D 0.2 0.7 Neg.
2-E A Neg, Neg. Neg.
B 349 5 Neg. 100
[ 108 5.7 Neg.
D Neg. Neg. Neg.
2-D A Neg. Neg. Neg.
B 402 65 Neg.
[ 81 45 Neg. 100
D Neg. 0.2 Neg.
2-C A Neg. Neg. Neg.
B 1 Neg. Neg.
¢ 70 28 Neg. 100
D 3.2 1.7 Neg.
2-B A Neg. Neg, Neg.
B 177 12 Neg.
¢ 86 21 0.25 99.999
D 3.8 0.7 Neg.
3-8 A Neg. Neg. Neg.
B 297 Neg. 18 Q7
c $0.7 0.7 24 %9.9
D 7 Neg. 0.9

Sae text for sample calculatiom,

from sampler locations 3 and &4,

Time periods: A, control, B, dissemination, C and D, post-dissemination.

TNTC:

Recovery explained by using same location for sampling within 30 minutes after Text 2.

Efficiency of exhaust plenum filter obtained by using average
counts of time peiriods B, C, and D recovered on bhoth the clean and contaminated side of filters

too numerous to count; where TNTC i{s shown in data, counts of 5,5 x 10 m:,z/fl:'J were
substituted (the theoretical concentration).

caused by flaking of organism from duct wall.

N

Probably
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IIT. MICROORGANISMS TRAVERSING EXHAUST DUCT

A. DESCRIFTION

The individual cabinet exhaust filter was removed in Suite 4, Room B,
to determine if microorganisms traverse the entire length of the exhaust
duct and reach the main suite's exhaust filters. The front panel and
gloves were installed on the cabinet before the test microorganisms were
disseminated.

B. TESTING

Sieve samplers were located at the 4 sampling locations described in
Section II, B. Control samples, each representing 10 minutes' vampling,
were taken at each sieve sampler location, The Dwyer gauge showed a
differential of 2.8 x 10° linear feet per minute.

The §. marcescens culture was disseminated with the pneumatic atomizing
nozzle for 10 minutes., Theoretical concentration was 5.5 x 10" organisms
per cubic foot.

C. RESULTS AND ANALYSIS

The sieve sampler plates showed heavy contamination (TNIC) immediately
above the cabinet filter, at the midpoint along the duct (between cabinet
filter and suite's main exhaust plenum), and on the contaminated side of
the filters, but considerable reduction on the clean side of the filters.
The theoreti:al concentration of 5.5 x 10° organisms per cubic foot was
reduced to two organisms per cubic foot on the clean side of the filter,

a reduccticn of 99,99%%, This reduction may be biased because of decreased
viability, etc. &s described in Section ITI, C,3. However, in spite of
uncontrollable ‘variables, all indications were that the filter performed
satisfactoriiy,

The data showed that the test organisms were traversing the entire
length of the dui:t system and being filtered out of the exhaust air by
the plenum filters, and that the exhaust blower was operating satisfactorily.
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« AIR UST TEMS

A. ANIMAL CAGES
1. Description

The exhaust tube carries contaminated air from sealed animal cages
to the plenum. A liquid suspension of S. marcescens organisms was dissemi-
nated into one (location 10, Fig. 17) of the exhaust tubes for animal cages
(Fig. 18) in Suite 4, Room C, &nd in Suite 3, Room E. The objectives of
these tests were to determine (i) {f cross contamination occurs between
adjacent tubes of the ventilation system, (ii) if the booster exhaust
blower in the attic (Fig. 19) is producing an aerosol and thereby allow-
ing microorganisms to escape to the attic from the pressure side of the
blower, (1ii) if organisms traverse the length of the duct system, and
(iv) the hazard associated with the absence of a filter before the cage
exhaust system enters the main filters of the suites.

2. Testing

Samplers were located in the attic along the cage ventilation
duct system at (i) the negative side of the booster blower for animal
racks, (ii) the pressure side of the blower, (iii) the contaminated side
of the filters, and (iv) the clean side of the filters. Sieve samplers
were used to ccllect organisms at stations 1 to 4, and 6 to 9 (Fig. 17)
inclusive. At station 5 a one-hour slit samplera was placed beneath the
booster blower to assess the hazard, if any, associated with the blower.
Stations 6 to 9 inclusive were equipped with sieve samplers to detect
cross contamination among the various cage ventilation trunk legs.
Should cross contamination occur, the use of ventilated cages for hous-
ing experimentally infected animals could invalidate experimental data.
The air flow through each cage ventilation trunk leg was 118 cubic feet
per minute. The theoretical concentration of test microorganisms dissemi-
nated was 1.2 x 10’ organisms per cubic foot,

Control samples (10 minutes each) were taken at sampling locations
1l to 5 inclusive, but not at stations 6 to 9 inclusive because (i) the
test organism was not used in the area of Room E, (1i) difficulty was
experienced in attaching samplers to the ventilation duct system, and
(111) the sampling plates could be contaminated when the disseminating
device was attached to the one leg of the ventilation system.

The organisms were disseminated with the pneumatic atomizing
nozzle and samples were taken at all locations for 10 minutes during
diasemination. Two 10-minute samples each were taken following dissemi-
nation at stations 1 to 4 inclusive., The slit sampler was operated for
one hour.
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Culture —»O 10
Disseminated

Animal Room

Cage Exhaust

/“(/// Sieve Samplers
at all Cage
9

Exhaust except

10 and 11 O ]

Figure 17. Animal Room Exhaust Svstem Sampler Locations.




Figure 18, Auimal Cage Ventilation Trunk Legs.

Figure 19, Animal Exhaust - Ventilated Cage Blower,
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In testing Suite 3, Room E, two sieve sampling locations, one on
the negative and one on the positive side of the booster blower, were not
sampled to avoid contamination of the attic by spill-over of organisms
from the Gast pump sampler exhaust system.* In addition, the quantity
of organisms disgseminated waa decreased to 1.2 x 10 organisms per cubic
foot to permit assay as per cent reduction on the exhaust filter. Other-
wise, all testing was done in the same manner as that in Suite 4, Room E.

3. Results

The data in Table 2, obtained from these tests, indicate that:
(i) cross contamination does not occur between adjacent legs of the animal
exhaust ventilation system, (ii) the booster blower in Suite 3 is not pro-
ducing a measurable aerosol in the attic, (iii) the test microorganisms
are traversing the entire length of the ventilation asr'stem and reaching
the filters (plenum), (iv) considerable hazard would exist if the suite's
exhaust filters were to become defective and cause escape of organisms
either to the atmosphere or to the attic itself, and (v) reduction of
organisms in Suite 3 by the exhaust plenum filters was 99.999% efficient.

Recovery of one colony of S. marcescens at station 7 (see Table 2,
Suite 4, Room E) may have been due to external contamination, because the
same person disseminated the culture and immediately afterward collected
that sampling plate.

Recovery of one colony of §. marcescens at the control stage (see
Table 2, Suite 4, Room E) at station 5 (one-hour slit sampler) may be
attributed to an aberrancy in operating the slit sampler, i.e., the
distance between the slit and surface of the agar is such that when
organisms in heavy concentrations enter the orifice they are not immedi-
ately impinged, but remein suspended in the air space within the sampler
and later settle on the agar surface.

4, Analysis

Because organisms recovered on the slit sampler indicated aerosol
escape from the booster blower serving Suite 4, Room E, the blowers in
Suites 2 and 4 (repeated test) were tested without other additional
sampliag.

S. marcescens was disseminated at a concentration of 1.2 x 100
organisms per cubic foot as in the previous test,

* See explanation in Section IV, A, 4.




29

TABLE 2. RECOVERY OF S. MARCESCENS FROM ANIMAL EXHAUST VENTILATION SYSTEM

Ayerage Microorganisms Recovered Pexr Cubic Foot
Sampler Location Dissemi- Post-Dissem. Post-Dissem,
(Section IV, A, 2) Control nation 1-10 Minutes 1020 Minutes

uite 4 oom E

1 Negative side blower neg. TNTC TNTC 15.5
2 Pressure side blower neg . TNTC TNTC 2.7
3 Contam. slde filter neg, TNTC TNTC neg.
4 Clean side titier neg. 0.9 9.9 neg.
5 S1it beneath tlower - see under Sampling Period below
6 Trunk leg NDQ/ neg. ND ND
7 Trunk leg ND 0.1 ND ND
8 Trunk leg ND neg. ND ND
9 Trunk leg ND neg. ND ND
Suite 3, Room E
3b/ contam. side filter  neg. 11 0.2 neg.
4 Clean side filter neg. 0.2 neg. neg.
5 Slit beneath blower - negative through entire hour
6 Trunk leg ND neg. ND ND
7 Trunk leg ND neg. ND ND
8 Trunk leg ND neg. ND ND
9 Trunk leg ND neg. ND ND -
Sampling Periocd (minutes)
10-20 20~40 40-60
5 (slit) 0.1 6.8 0.1 neg

a, Not done - see text.
b. Stations 1 and 2 eliminated in this test. See text. Eificlency of
filters was calculated at 99.9997%.
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A one-hour slit sampler was located immediately beneath the booster
blower for animal exnaust ventilation in Suites 2 and 4 (retest). Controls
were iaken for 10 minutes and the slit sampler was operated for one hour,
Microorganisms were not recovered in either of these tests, indicating
that the booster blowers to the animal exhaust ventilation systems were
functioning satisfactorily.

Unexplained recovery of microorganisms on Test 1 of Suite 4,
station 5, was investigated further, The author's opinfon that miecro-
organisms may spill over through the Gast pump sampler exhaust system
was evaluated under controlled laboratory conditions. Tests showed that
whenever large quantities of microorganisms (TNTC) are pulled across a
sampling plate a certain percentage pass through the pump serving the
air sampler and are discharged to the atmosphere., Because aerosol samples
were taken on both the negative and positive sides of the cage exhaust
blower in Test 1 and the concentration of microorganisms was 1.2 x 10’
organisms per cubic foot, spill-over did occur. Therefore, it is con-
cluded that microorganisms recovered at station 5 were those discharged
by the other two air sampler Gast pumps, and not from the cage exhaust
blower.

5. Discussion

Alr exhausted from a cage containing infected animals may contain
a high concentration of microorganisms either from aerosolization of micro-
organisms from the animal's coat (if aerosol-exposed or injected) or from
excreta. Therefore, the animal cage exhaust line s considered one of
the more hazaidous areas within the entire ventilation system. Once the
microorganisms reach the pressure side of the blower, the hazard increases
accordingly. 1In view of this, an attempt should be made to reduce the
concentration of microorganisms before they reach the pressure side of
the blower by inserting an in-line filter between the animal cages and
exhaust blower. One suitable type of filter is the Dollinger,* which is
manufactured in capacities from 40 to more than 250 cfm.

The hazaird to personnel may be further minimized if tle 7 ne
from the exhaust blower to the building plenum is kept at a nega. .ve
pressure by the main building exhaust blower.

B. RUPTURED EXHAUST DUCST FROM A LABORATORY ROOM

1. Description

To simulate a ruptured duct, three holes (7/8 inch in diameter)
were cut in the attic portlion of the exhaust duct from koom B, Suite 4,

* Dollinger Jorporatiom, 11 Centre Park, Rochester, N.Y.




31

The objective of this teat was to simulate and assess the hazards due to
parting of the duct seams caused by an accidental blow or by expansion

and contraction of the duct, Figures 20 and 21 show sieve and slit sampler
locations and placement of holes,

2. Testing

The air within the exhaust duct was sampled Iin the same manner
as previously. Three slit samplers were positioned around the simulated
rupture at varying heights (Fig. 20), and sieve samplees were taken on
both the clean and contaminated side of the exhaust filters. The exhaust
rate for this room was 1050 cfm.

Following control sampling, the diluted culture (1.3 x 10° micro-
organisms per cubic foot) was disseminated for 10 minutes with the pneu-
matic atomizing nozzle 3 inches in front of the roughing exhaust prefilter
(Figs. 20 and 22). Figure 16 shows the exhaust duct layout. The roughing
prefilter (coarse glass fiber dust stop, Fig. 22) located within the labora-
tory room was in place during this test.

The slit samplers were run for one hour. The sieve semples were
taken in three l0-minute increments during and after dissemination.

3. Results and Analysis

The data (Table 3) show that organisms will escape from a ruptured
duct in spite of the negative pressure on the exhaust duct created by the
main exhaust fan for the suite. This escape can be attributed to the
turbulence that 1s created at a rupture site and at the duct bend. Tre
bend nearest to the simulated rupture point was 5 to 6 feet away.

The failure to recover S. marcescens organisms with the slit
sampler located above the simulated rupture points indicates that
organisma escaping from the duct settle to the floor by gravitational
pull,

The main exhaust filter is 99.998% efficieént.
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TABLE 3. RECOVERY OF S. MARCESCENS FROM SIMULATED EXHAUST DUCT RUPTURE

Average Microorganisms Recovered per Cubic Foot
Dissemi- Post-Dissem, Post=Dissem,

Sampling Location Control nation 1-10 Minutes 10-20 Minutes

Sieve (1) midpoint neg. T~Tca/ 2.4 neg.
on duct

Slit 2 Floor left neg. 4.8 4.8 4.8

S1it 3 Floor right neg. 28 28 neg.

Slit 4 5 feet above neg. neg. neg. neg.
floor

Sieve (5) dirty side neg. TNTC neg. neg.
of filter

Sieve (6) clean side neg. 14.4 neg, neg.,
of filter

a. TN - too numerous to count.

C. PLENUMS
1., Description

Each suite has a duplicate exhaust filter system complete with
blower (Fig. 23) into which all exhaust air from the individual labora-
torfes and ~abinets is filtered before being discharged to the atmosphere.
Eaar pler.w i1s equipped with deep-bed,‘pocket-type fiber glass filter
material Jorough which the air passes.,

i. Testing

~+: efficiency of all exhaust filter plenums {including the reserve
tilcers) wes determined by disseminating a liquid suspension of S. marcescens.
e g rrscl was generated by a Challenger sprayer that produces particles
raging from less than 1 to greater tha: 10 microns in diameter at 50% RH.
Fuonyotve per cent of the particles were less than 6 microns in diameter
’see tre sppendix). The generator containing the S. marcescens organisms
was piaced within the contaminated side of the plenum, Control count=s
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Figure 23. Duplicate Plenum Exhaust
Biowers and Valves.

were taken on both the contaminated and clean side of the filters (Fig. 24)
with sieve samplers in the same locations used previously. The organisms
were disseminated for 10 minutes. After aerosolizing for 2 minutes, a 1l-
minute control sample was taken at each sampling location. This sampling
time delay permitted the aerosol to attain homogeneity throughout the
plenum, Subsequently, one 4-minnte, and two 10-minute samples were

taken on each side of the filter. Data on air flows, filtration efficiency,
and organisms recovered during testing are shown in Table 4.
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3, Results

The data show that the filters are at least 99,9967 efficient.
This compares favorably with the efficiency obtained during testing of
the cabinet filters, Section II, C. However, failure to recover organ-
isms in plenum 2 with the sieve samplers can be attributed to defective
aerosolization or to improper rositioning of the sampling tubes.

Failure to recover larger quantities of organisms in the contami-
nated side of the plenum may be explained by vne or a combination of the
following factors: (i) efficiency of sampling device, (ii) positioning
of dissemlnating generator, (iii) positioning of sampling tube in relation
to aerosol cloud, or (iv) air flow pattern through the filter plenum.
However, an assessment was made from the data available in Table 4.

Each filter plenum is working satisfactorily and can be used to
remove microorganisms from the laboratory building exhaus . air before
the air is discharged to the outside atmosphere.

The results obtained on the plenum filtration of the air in the
cabinet testing phase also show that the filters are installed properly
and operating at designed efficiency.

A more realistic assessment can be made of filters within plenums
through use of a large-volume air sampler and modified techniques in
locating disseminator and samplers.
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V. SEWAGE PRETREATMENT TANK

A, DESCRIPTION

The sewage system throughout the laboratory building is made of pyrex
pipe that terminates in either of two vertical glase-lined steel tanks
(9 feet in diameter by 13 feet high). The tanks, properly valved for
alternate use, are connected to the drain system and are located in a
building, two-thirds of which is below ground level, adjacent to the
main laboratory buflding. The capacity of each tank is 5,000 gallons.
Each tank is equipped with a U-gshaped l}-inch 0D 16 BW3* tubing to heat
the water from approximately 10 to 102 C using steam at 40 psig. A
steam jet, located 3 feet above the tank bottom, is constructed from
k-inch 304 stainless steel pipe (standard weight), equipped on the
discharge side with a Penberthy No, 351 all-bronze steam muffler and a
12-inch-long S.S. pipe extension outlet. The steam jet is intended to
provide a homogeneous mixture and insure sterilization of the effluent
waste. The temperature sensing element is located at the center of the
tank, Each tank is equipped with a manhole, inlet and outlet coamnections,
temperature snd liquid-level recorders, and a vent that discharges through
a Dollinger bacterlal pipeline filter to the atmosphere. Tanks are
designed to operate at 102 C.

Biological tests were conducted to determine the retention time at
102 ¢ necessary to sterilize liquid wastes containing vegetative or spore-
forming bacteria.

B. TESTING
1. Test 1

The pretreatment tank was allowed to fill to a height of 6 feet
with normel waste containing human fecal material. After adding 3 liters
each of a suspensic of Serratla marcescens {vegetative cell) and of
Bacillus subtilis var., niger {spcres), a control sample was taken through
the mantole, Thre microorganisms were added to the pretreatmest tank by
poucing the cultures into the water closet and flushing. The aiditiom
of cultures to the tank is descrlbed in Section Vi, B, 1.

Prior to addition of effluent wazte to the tank, a samplirg
adapter** was placed on the embossed area of the drain elbow on pretreat-~
ment tank 2. The adapter permitted sampling of the efflueut waste from
the tank during the sterilization uycle,

% Birmingham wire g:uge.
*% Fort Detrlck rawlngy 1-93-1-1757.
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After the heating coil and steam mixing jet were turned on, 1%
hours were required to heat the effluent waste to 102 C. After 40
minutes at that temperature, a sample of the effluent was taken through
a 4~inch clean-out plug located approximately 6 feet from the discharge
valve, This was done by cracking the 8-inch gate valve near the bottom
of the tank and allowing the waste to flow through the discharge line.
The technique of taking the first sample prevented contamination of the
sampling adapter.

After heating with both the steam jet and the coil for 2% hours,
the temperature in the tank reached 116 C and was held there for 1 3/4
hours, Inasmuch as this temperature was not the desired operating con-
dition, the tank was vented to atmosphere and cold water was added to
raise the 1iquid height to 8 feet and to drop the temperature of the
effluent waste to 102 C. It is believed that, with only 6 feet of water
and refuse in the tank, the temperature sensing element was intermittently
out of the water because of the turbulence created by the 40 psig steam
jet, Therefore, the temperature recorded during a part of the test was
that of live steam instead of the water. For the remainder of this test
the mixing steam jet was turned off. Samples were taken of the effluent
waste at 2, 4, and 6 hours through the sampling adapter on the elbow of
the discharge line beneath the pretreatment tank, All sampling time
periods were calculated from the first time the temperature of the water
reached 102 C.

Following the addition of the water and raising the level to 8
feet (total quantity of water 3,000 gallons), the temperature recording
device was set at 102 C. However, because of & malfunction of the con-
trol device on the steam coil, the temperature for the remainder of the
test was 107 C. 1In spite of the difficulties encountered the test was
completed,

Each sample of effluent was treatad as follows: One-tenth ml
was inoculated on duplicate nutrient agar plates, one ml was inoculated
into duplicate tubes containing 10 ml of nutrient broth, and ten ml
were inoculated into duplicate tubes containing 25 ml of lactose broth.
Duplicate sets were made, one for incubation at 30 C, the other at 37 C.
Data obtained from this test are presented in Table 5.

2, Test 2
Before Test 2, a pressure gauge was installed on the exhaust vent

line between the pretreatment tank and cut-off valve before the Dollinger
in-line vent filter.




41

*gajeld ajeojidnp jJo 28easay ‘e

*3aN 39N *3aN 89N *8aN SUovs9oATW °S
8N *3aN *3aN *8aN *39N 811713908 ‘8§ aa3depe anoy g
~8aN *3aN *3aN *3aN *3aN suoosovirw S
*3aN *3aN *3aN *3aN *8aN 8113139ns g Jajdepe anoy 4
- 3oN *3oN *3aN «3oN *3aN susosodiew °§
*San *daN *3aN *3aN *8aN sT1yIqns °d aaidepe anoy g
se8 » 3no
IA1ITS04 [Avi ! 2473¥804 aAT3F804 DINL 8T113qns ‘g ueald yYoui-b uju-QOY
901 ged » JINL SU90S90deW ‘S 9]oyuew wWOIJ
sucq 0N JINL dATITBO0d ?AT3T80d DINL STLF3qns ¢ aldmes djq T013u0)
yyoag ae8y yaoag yloag aeldy *3a0 TwoFIES07] Wl
USTIINN  JUITIINN 2s8030e] JWITIINN ,FIUSTAINY a1duwes
9 [t 'dwa] uojjeqnouj 3 0f 'dua] uofjeqnou]
1 1S31l ‘TIOAD NOIIVZITIVALS ANVI INAWIVALLTEd WOUd SWSINVOIHOOMOIW A0 X¥AADDA¥ °S I19VL

g



42

Liquid suspensions of both B. subtilis and §. marcescens were added
to pretreatment tunk 2 in the same manner as in,Test 1. The effluent was
not drained from the tanks between tests. The culture was flushed down the
water closet nearest the pretreatment tanks, A total of 3% liters of each
culture was added to the pretreatment tank that contaiued 2,959 gallons of
water, giving A theoretical concentration of 4.7 x 10* organisms per ml.
The temperature of the wa’ in the pretreatment tank was 89 C.

Immediately after the cultures were added, the heating coil and
steam jet were turned on for 10 minutes to mix the microorganisms with
the wastes. Control samples were obtained by taking samples through the
adapter sampling port.

This test required 30 minutes to raise the temperature of the
liquid in the tank from 89 to 102 C. Subsequently, the steam jet was
turned off to prevent overheating as occurred on Test 1. The design
operating conditions on the tank called for use of both the coil and
steam jet, However, it was decided to determine if the coil could main-
tain the temperature at 102 C without assistance from the jet. The
pressure on the tank maintained at 102 C was 0.75 psig.

Samples of the effluent containing the test microorganisms were
taken from the sampling adapter after 1, 2%, 3, 4, 5, and 6 hours.
Duplicate plates of nutrient agar were inoculated with 0.1 ml each,
and one ml of effluent was inoculated into 10 ml of nutrient broth.
Duplicate sets were prepared, one for incubation at 30 C, the other
at 37 C. Results are shown in Table 6.

When the steam mixing jet was not used the temperature of the
effluent in the waste tank was not uniform. The drain elbow did not
remain hot throughout the test. By comparison, in Test 1 the drain
elbow was hot throughout the test, indicating complete circulation of
the effluent waste during the sterilization cycle when the steam mixing
jet was turned on.
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TABLE 6. RECOVERY OF MICROORGANISMS FROM PRETREATMENT TANK
STERILIZATION CYCLE, TEST 22

Incubation Temp, 30 C Incubation Temp, 37 C
Subculture Subculture
Sample Nutrient Nutrient of Nutrient Nutrient Nutrient of Nutrient
Time, hr Agar Broth Broth Agar Broth Broth
control  TNTCY/  Posittve TNTC INTC  Positive TNIC
1 3 Positive TNTC Neg. S1, tur- TNTC
bidity
2k 5 81, tur- Neg. 3 Neg. Neg.
biditys/
3 5 Positive TNTC 1 Neg. Neg.
5 Positive TNTC 1 sl. tur- TNTC
bidity
5 6 Positive TNTC 2 Sl. tur- TNTC
bidity
6 1 Sl. tur- Neg. 1 Neg. Neg.
bidicy .

a. S. marcescens was not recovered from this test, probably because of
adding the culture to 89 C liquid. B. subtilis only recovered.

b. Represents average of duplicate plates,

¢. May be due to extraneous material.

3. Test 3

Because the effluent material was not drained from pretreatment
tank 2, a sample was taken through the manhole with a sterile bottle
before adding the test microorganisms, To insure that th: sample was
not being contaminated, immediately upon removal of the b.ttle from the
mankole it was immersed in a sodium hypochlorite solution (1000 ppm).
Samples were then transferred aseptically to nutrient agar plates,
nutrient broth tubes, and lactose broth tubes. The amount of inoculum
was the same as in Test 2.

Following the addition of 3% liters each of B, subtilis and
S. marcescens suspensions to the effluent tank, a control sample was
taken through the manhole after 10 minutes of mixing with tue steam
jet, The sampling bottle was immersed in hypochlorite solution upon
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removal from the pretreatment tank and transported to the laboratory for
assay as outlined above., The tank temperature before addition of the test
microorganisms was 59 C.

After heating for 1% hours the tank contents reached 102 C. At
that time the steam jet was turned off and the temperature was held at
102 ¢ for 12 hours, Samples were taken through the saupling adapter
after 12 hours and used to inoculate lactose broth tubes, nutrient broth
tubes, and nutrient agar plates as described in Test 1.

The elbow containing the sampling adapter on the drain pipe was
cold after 12 hours of heating, once again indicating that mixing does
not occur within the pretreatment tank unless the mixing jet is turned
on.

The pretrcatment tank was held at 100 C* for a total of 20 hours.
Then a dip sample was taken with a sterile bottle through the manhole and
a sample was obtained through the sampling adapter. The data obtained
in Test 3 on the pretreatment tank are shown in Table 7.

TABLE 7. RECOVERY OF MICROORGANISMS FROM PRETREATMENT TANK
STERILIZATION CYCLE, TEST 32

Incubation Temp, 30 C Incubation Temp, 37 C
(average of duplicate (average of duplicate
plates) plates)
Sample Time Nutrient  Nutrient Nutrient Nutrient Lactose
and Location Agar Broth Agar Broth Broth
“ontrol tank Positive Positive 3 Positive Negative
uninoculated
Control tank Positive Positive TNTC Positive Positive
inoculated
12 hr ag/ Positive Positive TNTC Positive Positive
102 o
20 hr &t pPositive PositiveS/ 1 Pos. PositiveS/ Positive
100 ¢ 1 Neg.

a, B. subtilis growth omnly.
b. Data represent samples taken through manhole and adapter.
c. One tube of 4 positive,

* Fluctuations in temperature are caused by over- or under-riiing of the
temperature control mechanism.
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4. Teat 4

The 'i{quid suspensions of S. marcescens and B. subtilis were added
to the pretreatment tank as in previous tests. Following addition of the
cultures, the effluent material was agitated for 15 minutes with the steam
mixing jet, then samples were taken through the manhole, Duplicate tubes
of nutrient broth were inoculated with one ml of sample and lactose broth
tubes were inoculated with 5 ml., Duplicate nutrient agar plates were also
inoculated with the effluent sample, Two sets were incubated at 37 C and
30 C.

The tank was held at 102 C for 12 hours by using the heating coil
only. Following the contact time, samples were taken through the sampling
adapter and tested as above (Table 8).

RECOVERY OF MICROORGANISMS FROM PRETREATMENT TANK
STERILIZATION CYCLE, TEST 4

TABLE 8.

Incubation Temp, 30 C
(average of duplicate

Incubation Temp, 37 C
(average of duplicate

plates) plates)

Sample Time Nutvient Nutrient Nutrient Nutrient  Lactose
and Location Agar Broth Agar Broth Broth
Control Tank Positived/ Positive Positive®/ Positive Positive
Inoculatad

(munhcle)

12 hr at Negative Negative Negative Negative  Negative

102 ¢
(adapter)

a, B. subrilis only recovered.
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C. RESULTS AND ANALYSIS

The four tests performed on pretreatment tank 2 illustrate some of the
problems that can be encountered during the operation of a batch sterili-
zation tank when determining operationsl procedures and establishing
sterilization holding times and temperature requirements. The data
indicate: (i) a relatively short holding time (less than 15 minutes)
is required for sterilization of vegetative microorganisms at 102 C,

(ii) operating the pretreatment tank at higher temperature and pressure
should insure sterilization at a shorter holding time (as indicated in
Test 1 when the temperature of the effluent reached 116 C), (iii) a hold-
ing time between 5 and 12 hours should be sufficient to sterilize spores
at 102 C. However, further testing is recommended to confirm the holding
time, temperature, and pressure for sterilizing spores.
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VI. BIOLOGICAL HAZARDS OF TECHNIQUES AND EQUIPMENT

A. SIMULATED ACCIDENTS
1, Description

A flask containing & liquid suspension of 5. marcescens organisms
was purposely dropped in Room C, Suite 9, to simulate a laboratory accident,
The objective of this simulated accident was to assess and determine (i) if
organisms escape from the laboratory room to the hallway, (ii) the interval
of time required after ar accident for a person to call the building
resident engineer or his assigned representative, and for the equipment
to be turned off, (iii) the time required for microorganisms to be air-
washed out of laboratory room, or for the aerosol to settle, (iv) whether
the organisms are carried into the hallway by people evacuating the room
after &n accident, and (v) whether turning the supply fan off and allowing
the exhaust fan to continue running is of any a vantage.

Three l-hour slit samplers were positioned within the laboratory
room, and two others were placed, one on each side of the door, in the
nalivay, to recover microorganisms aerosolized during and following the
simulated accident (Figs. 25 and 26),

2. Testing
a. Room Evacuated (Test 1)

A 250-ml flask containing 100 ml cf S. marcescens suspension
(1.5 x 10'° organisms per ml) was dropped from a height of 56 inches to
the cement floor (Kalman finish). No one was permitted in the room during
the simulated accident, to prevent gross contaminatiorn of the plates in
the hallway as the person left the room. The flagk, set on top of a deep
freeze box, was upset by an attached string that led to the hallway.
After the simulated accident the resident engineer was called by telephone.
The supply fan to Suite 4 was turned off at the master control panel within
1% minutes after the drop. The timing was measured under ideal conditions,
with the resident engineer sitting at his desk, which is located in a room
adjacent to the control panel. Needless to say, prolonged delays in turn-
ing the supply fan off would result if the engineer were not available.
Once the supply fan was turned off, the negative pressure within the suite
increased so that the air-lock doors located on the end of the corridor
suddenly opened and tripped the interlocking mechanism. Oversizing of
the exhaust fan caused a flow of air greater than desired into Room 4C.
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Figure 26, One Hour Slit Samplers.

Ten minutes after the simulated accident the door was opened to
simulate evacuation of personnel. The delay in time was purposeful because
an assessment of this hazard was desirable,

Thirty minutes after the accident the supply fan was turned on,
bringing the suite's air balance back to its normal operating condition.

The control samples (10 minutes each) taken at all five
sampling locations were negative for the recovery of 5. marcescens.
Recovery of 8. marcescens during and following the simulated accident
is shown in Table 9, Test 1,




TABLE 9. RECOVERY OF S. MARCESCENS FROM SIMULATED ACCIDENTS

Average Microorganisms Recovered
Per Cubic Foot at Indicated

Sampler Minutes after Accident
Location®/  1-10 (Control) 10-20  20-4C  40-60

Test 1 - Air Supply Fan Off After 1% Minutes

A Neg, 7.3
B Neg. 4,4
c Neg. 2.8
D Neg. Neg.
E Neg. Malf

(door opened

after 10 min)

“Test 2 - Alr Supply Fan On

A 0.1 TNTC
B Neg. 1.2
c 0.1 1.1
D 0.2 0.1
E Neg. Neg.

(2 persons left
room in first
15 seconds)

Neg.
Neg.
Neg.
Neg.

unction of equipment

0.05
Neg.
Neg.
Neg.
0.4

Neg.
Neg.
Neg.
Neg.

Neg.
Neg.
0.05
0.05
Neg.

a, See Figure 25.

b. Personnel in Laboratory (Test 2)

The previous test was repeated under the same conditions except
that the supply fan remained on. Two people were stationed within the
laboratory room to duplirate more closely the actual working conditions.,
_ne person dropped the flask and left the room immediately, the door was

allowed to close, then the other person opened the door aud left the room,
and the door was again allowed to close. Total time between drop and

erzcuation of both people was 15 seconds.
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3. Results

Data obtained in these tests (Table 9) show that (1) an aerosol is
released to the atmosphere during or shortly after the simulated accident,5
(i1) turning the supply fan off, thereby increasing the negative pressure,
confines organisms to the laboratory room; (iii) organisms are carried wut
of the room to the hallway by personnel evacuating the room; (iv) with the
supply fan off and exhaust fan on, the room is free of airborne micro-
organisms 10 minutes after the simulated accident; and (v) under normal
operating conditions (supply and exhaugt fans on) the organisms are purged
from the room in 30 minutes.

4. Recommendations

On the basis of results obtained in both of these simulated acei-
dents the recommendations are:

1) If such an a cident occurs, turn the supply fan to the
suite off within the firat 5 minutes if possible, and evacuate personnel
immediately, If deemed necessary to secure an operation, personnel may
enter within 10 minutes 1if they wear complete protective clothing and
resplrators, Otherwise, it is advisable to wait the 30 minutes for normal
aeration with the supply fan on.

2) In areas where large quantities of infectious materials
are to be handled, provide emergency clothing in a readily accessible
area tu prevent gross contamination of hallway and decontamination change
room, and subsequent exposure of other personnel within the suite in
adjacent laboratory rooms.

3) Instruct personnel to avoid inhaling after an accident
uatil chey have left the room.

4) Personnel assigned to clean up after an accident should
wear respiratory protection and should apply decontaminating liquid
appropriate for the agent in use® by flooding instead of by a forceful
spray.

5) Appropriate decontamination procedures should be
established.

6) Establish a committee to assess anticipated hazards.

7) If 1t is determined by subsequent testing that the hazards
are severe, an emergency electrical throw switch could be centrally
loczred within each room to turn the supply fan off. If the switch
arraagement 1s not feasible, an audible alarm and light system could
be incorporated in each suite and connected to the boiler room, to alert
tl.e maintenance man to turn off the supply fan for a particular suite.
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5. Precautions

Caution must be exercised in turning off the supply fan with the
exhaust operating. Otherwise, a back draft is created through the incin-
erator stack and fire-box that may result in biological and industrial
hazards, 1If the supply fan is turned off after an accident, c¢lose control
should be maintained on the interlocking mechanisms of the air lock so
that it is set freely to permit air supply to the suite under these
conditions.

B. POURING INFECTIOUS MATERIALS DOWN AN OPEN DRAIN
1. Description

The closest drain for introducing a suspension of B. subtilis and
S. marcescens into pretreatment tank 2 was a water closet (Fig. 27) in
the decontamination change room in Suite 3. The water closet was used
in all tests on pretreatment tank 2. The hazard associated with pouring
contaminated material into an open drain was evaluated by placing one-
hour slit samplers around the immediate area of the water closet.

2. Testing

The cultures were packaged in 500-ml bottles for ease of handling.
A 10-minute control sample was taken at each location before the bottles
containing the cultures were brought into the area. After the suspensions
(500 ml each) of B. subtilis and S, marcescens were poured into the water
2loset it was flushed one time. This addition and flushing were repeated
six times, and after the last addition of the organisms, the water closet
was flushed six more times., Time required for addition of the microorganisms
and flughings was five minutes. The suspensions were poured from a height
of 12 inches above the water level within the water closet, so that some
splashing resulted. The height was determined to be that normally used
by personnel when pouring into an open drain. During the flushing with
water, considerable force was present that produced splashing and tur-
bulence within the closet.

Upon completion of the pouring, two people evacuated the change
voom in the normal exit manner, Position of slit samplers is shown in
Figure 27.
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3. Results and Analysis

Recovery of organisms during the pouring operations is shown in
Table 10. The recovery of organisms at all sampling locations shows that
an infectious aerosol hazard can be caused by dispensing infectious
material into an open drain syatem. Evaluation of the results as pre-
sented in the table indicates the hazard to be minimal when expressed
as organisms per cubic foot of air. However, the aerosol concentration
at the respiratory level of the person pouring was not determined.
Jonsequently, a person could receive an infectious dose of some materials
during the initial pouring operation. Some other factors tending to mask
the true hazard to this operation are the efficiency of the sampler, air
exchange within the room itself, location of exhaust duct, and position-
ing of samplers,

TABLE 10. RECOVERY OF §. MARCESCENS FROM POURING CULTURE
DOWN OPEN DRAIN

Average Number of Microorganisms Recovered
Per Cubic Foot of Air at Indicated Minutes

Control
Sampler Location Before
(Fig. 27) Pouring During and After Pouring
1-10 10-20 20-40 40-60
A - S. marcescens Neg. 12.5 Neg. Neg.
B, subtilis Neg. 13.7 Neg. Neg.
B - S. marcescens Neg. 4.1 Neg. Neg.
B. subtilis Neg. 4.2 4,2 4.2
C - S. marcescens Neg. 2.7 Neg. Neg.
B. subtilis Neg. 17.7 Neg. Neg.
D - S. marcescens Neg. Neg. Neg. Neg.
B. subtilis Neg, 2.5 Neg. Neg.
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. BTOLOX.IZAL CABINETS
1, Description

The potential escape of microorganisms from cabinets with various
closure conditions was assessed simultaneously with the testing of the
filters. Two slit samplers were positioned on the floor in front of
the cabinet, one toward each end.

" The cabinets are designed sc¢ that they may be used in one of
three closure conditions: with glove panel on and gloves installed on
the panel; glove panel on, working through cpen glove ports (no gloves
a*tached); glove panel off (Fig. 12). For all conditions the exhaust
blower and manual damper were set to give a reading across the filter as
recorded on the Dwyer gauge of 2.8 x 10° linear feet per minute,

In each test the slit samplers were operated in the same position,
and the control samples were taken gimultaneously with those at the
sampling locations along the exhaust duct and at the filter plenum,

2. Physical Arrangement of Cabinets
a. Test 1l: Clove Panel On, Gloves On (Suite 4, Room B)

In this test in Suite 4, Room B, one person was in the labo-
ratory and remained there during the entire dissemination and sampling
time period.

b, Test 2: &love Panel On, Gloves Off

The person disseminating the test microorganisms remained in
the room {Suite 4, Room B) during dissemination, then evacuated the room
15 minutes after dissemination was completed.

¢, {‘love Panel Off
{1) Test 3: Suite 1, Room B

The air flow in Room B was reversed by exhausting the air
inte tie hallway. The air flow into the cabinet was 55 linear feet per
minut2. “enerally, the air imbalance within the room, with attendant
fl_-tuatin: of the air flow into the cabinet, is such that when the door
is opened the positive pressure created by the supply fan 1s great enough
to pull alrborne organisms out of the cabhinet into the room.

Two people walked out of the laboratory room immediately
after dissemination; one minute later two reentered and left imnmedately,
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(2) Test 4: Suite 1, Room

A very strong negative pressure was present in Room O,
as shown by the air flow across the open-fronted cabinet. This prevented
neasurement with the Alnor velometer, and indicated that the room's nega-
tive alr stream overrode the negative pressure of the cabinet exhaust,
;e Dwyer gauge reading was 2.3 x 10° feet per minute.

(3) Test 5: Suite 3, Room B

All conditions within the cabinet and room were maintained
at operating conditions. The disseminating device in this test was pointed
ts> the frout of the cabinet instead of to the rear, which was the position
.sed on all other tests. The results of this test must be interpreted
a:rcordingly.

(4) Test 6: Suite 2, Room B

Air pressure measurements within the room indicated the
p~obability of the air flow's being near static. The Alnor velometer
reading at the {ront of the hood was 60 linear feet per minuteé and the
differential across the filter on the Dwyer gauge was 3.2 x 10" feet per
m.aute.

3. Results

Prom the six tests performed as outlined above and recorded in
™isle 11, the following conclusions can be drawn:

1) The increasing order of biological aerosol hazard with
t-e cabinet in varying closure conditions is: (i) glove panel on, gloves
installed; (i1) glove panel on, gloves off: and (iii) glove panel off,

2) Any imbalance in the room air flow from the desired condi-
<icn wiil produce a hazard in proportion to the air imbzlance, regardless
ot whether the excessive pressure 1s negative or positive in relationship
ro trat in the hallway (Fig. 28},

3) Opening the room door when the cabinet exhaust ajir is at
minimum flow will produce an aerosol hazard to operating personnel.

4) In Test 1 the sampling results showed that no hazard exists
+o cperating pergonnel if a cobinet has the glove panel on, gloves installed
-1 the panel, and the cabinet operated under negative pressure.

5) If attached gloves are to be omitted, there is a significant
safezy advantage in leaving tre glove pcut panel attached, in contrast
t. operating with it removed,
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TABLE 11. RECOVERY OF S. MARCESCENS FROM ROOM AIR
WITH VARIOUS CLOSURE CONDITIONS
ON BIOLOGICAL SAFETY CABINETS

Average Number of Microorganisms Recovered
Per Cubic Foot of Air Sampled at Indicated

Slit Minutes
/ Cabinet Closure Sampler Controls After Microbial Aerosolization
Test? Condition Location  1-10 10-20  20-40  40-60
1 Panel on, A Neg. Neg. Neg. Neg.
gloves on B Neg. Neg. Neg. Neg.
2 Panel on, A Neg 0.1 0.05 Neg.
gloves off B Neg. 0.1 Neg., Neg.
3 Panel off A Neg, | s/ TNTC TNTC
Room air-flow B 0.3- TNTC TNTC TNTC
into hallway
4 Panel off A 0.2 INTC TNTC 3.0
Room air pres- 0.7 TNTC TNTC 0.6
sure strongly
negative
s Panel off A Neg. TNTC TNTC TNTC
Normal air B Neg. TNTC TNTC TNIC
Aerosel toward
hood front
6 Panel off A 0.6 TNTIC TNTC 0.3
Static air flow B 0.1 TNTC TNTC 2.0
a. Sce text for test condition details.
¥ay be due to background contamination.

numerous to count,
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. B FOTRGTAT POWER FATLURE
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iption

An electrical power failure was simulated during the testing of
the cabinet filter in Suite 4, Room C. The ohjective of this simulated
electrical failure was: (i) to determine the potential biological hazard
tc personnel within the laboratory, (ii) to determine if organisms were
car:ied cut of the room by personnel evacuating the laboratory room, and
(Lii) to determinc the time required to air-wash the room after complete
electrical failure or interrupted service,.

Four l-hour slit samplers were operated arouud the cihinet and
one in the hallway adjacent to the room (Fig. 29).

2. Testing
a, Front Panel On, Gloves Off

The front panel was placed on the biological hood but the
gloves were removed during this test. Ten-minute control samples were
taken before dissemination of test microorganisms at all sampling
locations.

8. marcescens was disseminated within the cabinet in the
normal manner for 10 minutes. At the midpoint (5 minutes) of the dis-
seminatisn, the main power supply to the entire building was turned
of f. and the electrical service was then supplied by ths emergency
diesel-powered generatov, which started automatically. The diesel

2neratar carried the full electrical load after 22 seconds' delay.
Fecause the exhaust fans to each suite must be restarted manually,
from the :tcontrol panel, a total delay until the biological cabinet
re-urned to normal exhaust rate was 1 minute and 9 seconds, as indi-
cated by both rre magnehelic and the Dwyer gauge. The building was
maintained o. - 15 emergency power tor 45 minutes to establisk the
capatility orf the geanerator. From all indications the generator
{fun:tioned st peak performance, uconzurtently with the simulated
power failui-e two people purposely evacuated the labhoratory roow.

ouring the period between the time the emergency generator
was t.umned on and the cabinet exhaust returned to normal, the aerosol
of S. marces_ens was seen fiowing out of the open glove ports.
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b, Frort Panel Off

A second sirulated power failure was staged in Suite 2, Room
€. Conditions were the same as described above, except thut three slit
samplers were operated in the laboratory room, the front panel was off,
and a very strong positive pressure was present in the laboratory room
in relation to the hallway (reversed from the desired).

The power failure was staged at midpoint during disseminotion.
Nine seconds were required from time of power failure to when the emar-
gency generator carried the full electrical load. The time required to
restart the exhaust fan and for the exhaust rate to return to normal was
35 seconds. However, at no time did the cabinet become static, and a
slight negative pressure was maintained on the cabinet by fan speed
after its interrupted power loss. Following the serosolization four
people evacuated the room.

3. Results and Analysis

The data obtained from these two simulated power failures
(Table 12) show that:

1) Microorganisms will escape from a cabinet with the ungloved
front panel either on or off; this is not dependent upon whether the cabi-
net reaches static air pressure conditions, If highly infectious materials
were being used, personnel working at an vpen cabinet would be exposed
within a relatively short time (less than 30 seconds) to a significant
coacentration that, if the iInfective dose wis low, could result in an
cccupational illness.

2) Organisms are carried to the hallway by personnel evacuating
the laboratory room. The number of organisms carried into the hallway
depends on the concentration of organisms within the cabinet and the number
egcaping at time of power failure. Needless to say, the fewer the organisms

N .

witiin the cabinet, the smaller the hazard,
rator functioned very satisfactorily. It
maintained adequate power and good air balance throughoutr allareas.

4) The imbalance in the room air supply and exhaust creates
a definite hazard to operating personnel by exhausting microorganisms
out of an open cabinet even though negative pressure is maintained.

5) After thirty minutes the aerosol hazard within the laboratory
room is minimal. Clonsidering that the test challenge concentration is much
greater than that normally used, or expected to be used, in an open-fronted
~abinet, the hazard would most certainly be eliminated after 30 minutes'
aeration foilowirg a power failure,
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6) During any loss of power for a short time, the infectious
laboratories should be evacuated for a minimum of 30 minutes. However,
this is not necessary if the electrical power failure lasts only a few
seconds and no loss in negative pressure on the cabinets or room exhaust
systems is noted.

TABLE 12. ESCAPE OF 5. MARCESCENS FROM VENTILATED CABINET
DURING SIMULATED POWER FAILURE

Average Microorganisms Recovered
Per Cubic Foot of Air Sampled
at Indicated Minutes
Sampler Location Control After Aerosolization
(Fig. 29) 1-10 10-20 20-40 40-60

Glove Panel On, No Gleoves

5 = Room Neg. 0.6 8.4 Neg.
6 - Room Neg., TNTC 0.1 Neg.
7 - Room Neg. 1.8 Neg. 0.15
8 - Room 0.42/ TNIC TNTC 0.05
9 - Hallway Neg. 2.0 1.0 Neg.

Glove Panel Offbl

5 - Room 0.6 TNTG TNTC 6.5
6 - Room 3.0 TNTT TNTC Neg.
7 = Room 2.2 TN TNTC Neg.,
9 - Hallway 0.1 12.0 Neg. Neg.

a, Plate probably contaminated by person who diluted culture
and prepared the sample before discemination,

b. Recovery on the controls probably due to organisms not
impinging on agar as predicted in Section IV, A, 3.




E. REFUSE INCINERATOR
1. Description

Each suite is equipped with a refuse Incinerator* for disposal of
all comhustible wastes and animal remains., 1Ic is located at the far end
or the normal traffic pattern (Fig, 28). The iucinerators <f adjoining
suites are served by a common stack and afterburner, Each suite has a
charging voom and foreburner in the firebox with a cut-off switch in the
charging room. The incinerators, as designed, have the following features:
(i) a capacity of 75 poundsper hour; (ii) each burns 3 gallons per hour of
No. 2 fuel oil; (iii) stack height is 53 feet 9 inches above ground lecvel;
(iv) the operating temperature in the ignition chamber is 870 C, that of
the combustion chamber {s 760 C, the stack temperature without gas washer
is 649 to 760 G: (v) the burners are operated continuocusly, and thereby
eliminate charging of incinerators before the operating temperatuires are
reached; (vi) the natural draft created by the stack causes a negative
pressure within the firebox, which is designed to retain all infectious
microorganisms during the loading or burning of contaminated waste
materials, fvii) the noncombustible residue is 5 to 10% of the load;
’viii® the charging room is under slight positive pressure, to force
alr Iinto the incinerator whenever the charging door is opened; (ix) the
fuel injection system is a positive-feed mechanism,

2, Testing

70 assess ary binlogical hazards assoclated with ~harging and
L .o-.ing coataminated waste materials, three l-hour slit samplers were
~perated In the charging room of the Suite 4 iIncinerator (Fig. 30).
‘e sampler wes placed on a ladder (Sampler A) and one on a bex (Sampler
2} to sample the air at the breaihing level of a person standing or bend-
irg to pick up mieterial to be placed in the firebox, The third sampler
wsg ple~ed on the floor (Sampler <), ard a fourth was lecated in the hall-
wsy (Sampler D) near the charging room dorr. All of the plastie plates
~oraining §. mav-esceng and B. subtilis that had been used in th first
3 days of binlogical testing were used as the wastc material i~ this test.
t was welghed and piated ia three no, 10 kraft bags. The bags weighed
«737. 2105, and 1967 grams.,

m——e e

» Tqcinerator Eagineering lo,, 508-510 N. 53rd St,, Philadelphia 31, Pa,.
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Figure 30, Retuse Incinerater,

A 10-minute control sample was taken with each sampler before
testing began. The paper bags were carried into the charging room, the
door was closed, and the bags were placed on the floor. The foreburner
was t'-ned off (this is standard operating procedure ) to prevent flash-
back from the burner and excessive heat gain within the chargluy room).
The guillotine door to the firebox was raised, at which time a slight
negative air pressure was noted on the firebox., Next, the three bags
were picked up onc at a tima from the floor and thrown gently into the
firebox. The charging door was closed, the foreburner was turned on,
and the worker went from the room to the hallway. During loading, the
charging room door was closed and temperature within the room was 54 C
in this test. Data on the sampling plates {s chown in Table 13,
Recovery of microorganisms during the latter part of the control sample
in this test indicates that the contamination was probably caused by
carrving the bags into the rvom and placing them on the floor during
control sampling.
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TABLE 13, RECOVERY OF MICROORGANISMS DURING INCINERATION
. OF CONTAMINATED LABORATORY WASTE MATERIALS

Average Microorganisms Recovered
Per Cubic Foot of Air
at Indicated Minutes

After Placing Waste

Control in Incinerator
Sampler 1-10 10-20 20-40 40-60
A - B. subtilis 0.7 Neg. Neg. 6.5
5. marcescens 0.1 Neg. Neg. Neg.
B - B. subtilis 0.6 Neg. 0.5 Neg.
S. marcescens Neg. Neg. Neg. Neg.
C - B. subtilis 0.2 Neg. 0.6 Neg.
S. marcescens Neg. Neg. Neg. Neg.
D - B. subtilis 0.3 2.0 2.0 2.0
5. marcescens Neg. Neg., Neg. Neg.

A second incinerator test was performed as above except that plastic
poultry bags were substituted for the paper bags. Two plastic bags holding
plastic dishes containing S. marcescens and B. subtilis were placed in the
incinerator, The bags weighed 1145 and 1043 grams. Two additional plastic
bags containing 700 grams each of animal bedding, 10 grams of pelleted §.
marccscens (66 x 10t organisms per gram), aud ''shoestring' B. subtilis
(4 x 10 organlsms pcr gram) were also placed in the incinerator.

Sampling was performed as noted for the previous tests, There
was no recovery of B. subtilis or S. marcescens at any of the four sawpling
locations.

3. Results

The data from these two tests indicate that a minimal biological
hazard exists for operating personnel during loading or incineration of
contaminated refure materials, The paper bags appear to permit escape of
spore-forming organisms only during incineration; however, further testing
should be done to examine the exterior contamination on the bags., There
appears to be no hazard assoclated with Incineration of materials contami-
nated with vegetative microorganisms. When discarding refuse, the exterior
of the containers should be free of contamination.
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v STERILIZATION WITH EETA-PROPIOLACTONE

A, SJESCRIFTION

Suite 3 (area is approximately 32,000 cubic feet) was sterilized with
teta-proplolactone (BPL) in the following manner: All equipment, refrigera-
tors, {ncubators, deep freezes, ovens, etc., were turned off and allowed to
reach rnom temperoture. The relative humidity was raised to approximately
8) per ceat by disseminating water with Challenger generators (Appendix)
stratepically located throughout the suite. Fifty sites were marked and
spores of E. subtilis (1 x 10" otganisms per ml) were sprayed onto the
2zeas with a Sprayon ''Jet Pack" spray device,* Control samples of the
spore culture before and after spraying, of the cotton swabs, and of the
mediun were taken before commencing the decontamination, All controls
were sat isfactory. Maaila paper was used to cover the walls adjacent to
‘he . allenger sprayers to avnid peeling the paint. Sensitive equipment
«a§ cavered In the same manner. The {incinerator "ereburner in Suite 3
wss turced off., Two galions of BFL were used to decontaminate the suite,
I*-ee wenszators, each contalalag one gallon of 677, aqueous solution of
biL, we:e used. They were locsted at each end and in the center of the
s.ite., =efore the relative humidity was increased, all supply and exhaust
.e1tiijation was turned off, all dorrs ~f individual rooms were opened to
tre hallway, and all equipment doors and cabinet drawers were left
partially opened,

"-e elertricity f71 the geuerators was controlled externally. Once
5 Yea,y .loud cf fFl was cbtained throughout the hallway, the exhaust
clawer to Sulte 3 was turned on for one minute to help distribute the
sr. vapors trroughout the Lnaividual laboratory rooms. This technique
p-3.ed sstisfactory in pu.ling SFL vapors from the hallway to the rooms.

Sabt L NG

p>1 cempletien of 2 Z-rour « ™tact time the supply and exhaust tars
weve turaed on, After an overmight puvge thc alr was sampled with a BFL
dets-tion t.he *'® to determine if ¥PL vapors were present, All air
:zmples tor rPL were negpative. After tn2 area was safe t> enter, cvottoa

swabs we-¢ tuken of the 50 previousiy coulaminated areas throughout the
£1ite. re cotta Swabs wore then st eaked on culture medium and incuabated
it 3 for 26 hoirs. Tre results indl:ated satisfaxstory decontaminati.=n
Ut Su-te 3

Sp-ay,01 brGa. (&, Tn.., 2075 East 6%cr. Sc,, lecveland 3, Chio.
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C. DISCUSSICN

After 15 minutes' dissemination it was necessary to enter the suite
because one generator malfunctioned and another was misaligned. To enter
the areas containing BPL vapors, a plastic suit, plastic gloves, rubber
boots, and a head hood were used. A Scott Air Pack was used as an air
supply. Imnediately after leaving the suite, the individual showered
and washed all protective clothing with water. The Scott Air Pack was
wiped down with a water-moistened cloth and hung outdoors to air.

Paint on a door frame peeled slightly where the generator was initially
misaligned, and the paint was peeled off the plastic intercommunication
box. ©No other damage due to BPL was observed.

D. RECOMMENDATIONS

The above procedure proved satisfactory for decontamination of Suite 3
with BPL. Therefore, it is recommended that these procedures be followed
for decentamination of all other suites. Precauticnary measures to follow

are:

1) Insure that all electrieal circuits tc be used have external
power control,

2) Cenerators must be aligned properly to preclude the necessiily
of a person's entering the suite after dissemination is initiated.

PO

3) During activation of the exhaust blower, insure that the air-
lock door is slightly ajar to provide a source of makeup air. Otherwise,
the only source of unrestricted air would be through the exhaust stack of
the incinerator, and if the incinerator burners were on in the adjacent
suite, flash-back and flame damage could result to the incinerator room
because the incinerator loading door is mot air-tight,

4) The plastic communication box should be covered to prevent paint
peeling.

5) If entrance to the suite is necessary before aeration, complete
protective clothing and an air supply are highly recommended. Tumediatsly
after leaving the suite personnel should shower and wash all equipment to
preclude accidental exposure of other personnel to BPL vapors or residue.
BPL is

h

If ccidentally spilled, it should immediately be
d wit

6) a
e water.

neutraliz
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VIIT, CONCLUSIONS

‘The general design, traffic and air flow patterns, location of labora-
tory service areas, general laboratory equipment, filtration of all exhaust
i-, site and operation of the refuse incinerator, batch sterilization of
all effluent waste, location of air locks, and location of clean labora=
tories end corridors with relationship to hot laboratories, are adequate

for randli1g infectious materials,

Tests of cabinet and exhaust plenums with microorganisms showed the
fiilters to have been properly installed within the pockets, filter material
to te af appropriate type for the intended job, and that the construction
«f the filter chambers does not contribute to microorganism escape.

Exraust bl-ners carry microorganisms from the cabinets, or from the
igb~ratory room to the exhaust plenums. However, the capacity is greater
tta- ne-essaty to maintain adequate negative pressure. Excess capacity
37e8 aotr coatribute proportionally t- safety protection.

rr '1

“re erngust duct network does not permit microorganisms to escape and,
frem all iﬂdiwatia1s, rapture should not occur unless an excessive force
is erevted on the ducts., However, in the event of a duct rupture, as
demonstrated in the testing, mi-roorganisms will escape to the atmosphere

{7 spite of the negative »ressure maintained in the exhaust system.

~r388 contamination does not occur between adjacent legs of the animal
‘age veatilated eatsist systems., However, the booster blower in the
aaimal cage eshaust system presents certain hazards as currently installed,
:d modifications should be considered,

“he wwin plenums for each suite are functioning properl but under
% g P Y

preseat songirions Je.ontaminztion of one plenum while the other is
operating wouald be aquite difficult unless the recommended modification
{3 made as noted ia Seutlion IX.

Addicional microbiological testing should be performed om the pre-
cvaziment effisent wWaste tanks to establish sterilization cycles with
rigérd i time, Temperature, presgsure, amount of effluent waste, and
Spera.isnal festuzee,

“re hazards of certain mi:srobiological techniques and equipment were
demonsiraced to show thét human erpoSure may occur when: (1) personnel
r.ave laboracowy g rideats, (ii) either the air supply or exhaust is
.mtaxa..ed, 11,/ persoanel pour infectious material down an open drain,

A cb&lel s .icsure is incomsisteat with the risk involved, and
7 zierirloac sercice 1s lost,




The refuse incinerator does not appear to constitute a hazard to
personnel loading the incinerator.

The operational design of the air supply and exhaust equipment

69

per.its sterilization of the suites independently with beta-propiolactone.
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IX. GENERAL RECOMMENDATIONS

The following recommendations are made to maximize safety operations
with infectious material:

A. BIOLOGICAL SAFETY CABINETS

The five-inch glove ports should be replaced with eight-inch ports.
This would improve reach within the cabinet. The use of attached, arm-
length gloves should be considered for work of unusual hazard.

One end plate should be modified to accommodate a pair of gloves and
a viewing window to permit two people to work together when inoculating
animals or engaging in other operations requiring teamwork.

A pass-through box should be installed on the cabinets to introduce
or remove materials whenever the hood is to be used in a closed position.
The design of the pass-through box is dependent upon whether the cabinet
is to be operated as a Class I or Class III cabinet.

An alternate wmethod for introducing or removing materials is Lu install
a dunk tank on the cabinet.

B, ANIMAL CAGE VENTILATTON SYSTEM

To further insure that a hazard does not exist on the discharge side
of the exhaust blower, install an in-line Dollinger* or other suitable
type of filter between the exhaust ventilation trunk legs and the exhaust
blover.

The exhaust blower should be controlled in the same manner as the main
plenum blower. That is, if the main plenum blower is off, the exhaust
blower is off. This would prevent any possibility of creating a positive

A Loa oaaaa

w Ut LGPGULE Ul.
o

-

tlhhn nloasmeiem Wassave Fhn w=lasmeson bl anea.
pl.!:ocvul.c on &thne l-u.cuuul. uwchL, l..uc y.l.cuuul [S RS

<1
vwe 4
operating without the exhaust blower frcm the animal cage

C. EXHAUST PLENUMS

A biologically filtered and valved inlet with its own source of
restricted makeup air from the attic should be installed on the dusl
exhaust plenums to permit decontamination of the filters without interrupt-
ing or terminating laboratory research operations.

* Dollinger Corporation, 11 Centre Park, Rochester, New York.
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D. PRETREATMENT TANKS

An additional 8-inch gate valve should be installed on the discharge
line on each of the pretreatment tanks. The valve should be located to
permit the aidition of a steam trap between the existing valve and the
one to be added.

Microbiological testing should be repeated to evaluate the holding
time, temperature, amount of effluent, and optimum operational cycle for
the preireatment tanks.

An in~line water separator should be installed before the Dollinger
filter in the atmospheric vent.

Heating coils and s
he nretrsatmant t

g i Lt

hould be located as close to the bottom
(ﬁf i 1

Multi-opening sampling adapters for testing effluent waste should be
installed to check sterility at various locations. Adapter locations
should be determined by the tank's design configuration.

Provision should be made for cooling effluent before or during dis-
charge to normal waste system.

Sterilization of pretreatment tank and associated piping should be
provided to permit maintenance.

Other recommendations, which would add further protection or rafine-
ment to a safety program, can be developed as conditi ons warrant.
E. ULTRAVIOLET LAMPS

Ultraviolet lamps9 should be installed in each suite’s main air lock
to preclude the escape of microorganisms, Additional ultraviolet door
barrier lamps may be desirable.
F. MALVIENANCE

Foliowing any major maintenance program the exhaust ducts should be
hydrostatically tested as initially performed to insure continued tightness.
C. EFFLUENT WASTE

A roiatine microbiological sampling of the effluent waste from the pre-

treatment tanks is necessary after a sterilization cycle and before the
waste is discharged into the normal sewage disposal system.
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f. ATR BALANCE

A routine air balance check should be established throughout the
building.

T. SAFETY EDUCATION

personnel with the many known microbiological hazards created by equipment,
techniques, or procedures,

J. ELECTRICAL CONTROLS

1

ec
Note other recommen

trical cont

1a eag u
ations listed in

.

K. STANDARD OPERATING PROCEDURES

Standard Operating Procedures should be posted as guidance in zase
of a biological accident.
L. DIFFERENTIAL AIR PRESSURE

Tn future building designs, the differential in air pressures should
deal in hundredths of an inch instead of tenths, to eliminate some of
the problems mentioned in this report.
M. VENTILATION FOR INCINERATOR CHARGING ROOMS

Air supply should be increased and a proportionately sized erhaust
iastalled in the incinerator charging rooms. Heat gain is excessive,




~4

73

LITERATURE CITED

Wedum, A.G., and G.B. Phillips. Criteria for design of a microbiologi-
cal research laboratory., Preprint of paper presented at The American
Society of Heating, Refrigeration, and Air-Conditioning Engineers
Semiannual Meeting, New Orleans, La. January 27-29, 1964.

DuBuy, 1.G., and L.R. Crisp. 1944. A cileve device for sampling air-
borne microorganisms. Public Health Rep. 59:829-832,

Decker, H.M., and M.E. Wilson. 1954. A slit sampler for collecting
airborne microorganisms, Appl. Microbiol. 2:267-269,

Decker, H.M., L.M., Buchanan, L.B. Hall, and K.R. Goddard. 1962.
Air fiitration ot microbial particles. U.S. Public Health Service
Publication 953.

Rarbeito; M.S., R.L. Alg, and A.G, Wedum. 1961. Infectious bacterial

aerosol from dropped petri dish cultures. Amer. J. Med. Technol,
27:318-322,

Phillips, G.B., E. Hanel, Jr., and G.G. Gremillion. March 1962,
Practical procedures for microbial decontamination, (Technical
Manugcript 2), Safety Division, U.5. Army Chemical Corps, Bioliogi-
cal Laboratories, Fort Detrick, Maryland.

Spiner, D.R., and R.K. Hoffman. 1960. Method for disinfecting large
enclosures with p-propiolactone vapor. Appl. Microbiol. 8:152-155.

Epstein, Joseph, Robert W. Rosenthal; and Richard J. Ess. 1955.
Use of a Y- [4-nitrobenzy1] pyridine as analytical reagent for
ethylenimines and alkylating agents. Anal., Chem. 27:1435-1439.

Phillips, CG. Briggs, and E. hanel, Jr
violet radiation in microbinlogical 1s
Safety Division, U.S§, Army Chemical Co
Fort Detrick, Maryland. (Revision of

—e NG\
TC 2n).




75

BIBLIOGRAPHY

Industrial Spray Nozzles and Accessories, (Catalog 25). 1963. Spraying
Systems Co,, 3201 Randolph St., Belwood, Illinois.

Technical data about the jet sprayer, (brochure)., Z2Z&W Manufacturing
Corp., 30242 Cleveland Blvd,, Wickliffe, Ohis.

pDecker, H.M., J.B. Harstad, F.J. Piper, and M.E, Wilson. May 1954.
Filtration of microorganisms from air by glass fiber media. ASHVE
J. Heating, Piping & Air Conditioning. p., 155-158.

Reitman, M., and G.B. Phillips. 1955. Biological hazards of common
laboratory procedures; I, The ripette, Amer. J. Med. Technol,.

Volume 21, 5 pages,

Wedum, A.G., E. Hanel, Jr., G.B. Phillips, and 0.T. Miller. 1956.
laboratory design for study of infectious diseascs. Amer, J. Public
Vealth 46:1102-1113.

JCmSki. J.v.. aud G.D. 1ui},}{p5 1365, Ml'(‘,ru’,rn'n'u)gir_-.gl gafety EQ‘JiPTQP’;.
1ab. Animal Care 13:2-12,

Chatigny, M.A. 1961. Protection againet infection in the microbiologi-
cal laboratory: Devices and procedures, p. 131-192, In W.W. Umbreit
{ed.) Advances in applied microbiology, Vol. 3. Academic Press, New York,

Wedum, A.G. 196l. Control of laboratory air-borne infection. Bacteriol.
Rev. 25:210-216.

Wedum, A.G. 1963. Laboratory safety in research with infectious
aerosols, (Technical Manuscript 84). 1Industrial Health and Safety
Division, U,S. Army Biological Laboratories, Frederick, Maryland.
(Also Public Health Rep, 79:619-632)

Phillips, G.B., M, Reitman, C.L. Mullican, and G.D. Gardner. 1957,
Applications of germicidal ultraviolet infectious disease laboratories:
IYI. The use of ultraviolet barriers on animal cage racks., Proc.
Animal Care Panel 7:235-244.

Wedum, A.G., E. Hanel, Jr
gterilization in micrvui

71:331-336.

B Phillips. 1956, Ultraviclet
aboratories., Public Health Rep.




APPENDIX

DESCRIPTION OF DISSEMINATING DEVICES

A. PNEUMATIC ATOMIZING NOZZLE

The pneumati{c atomizing nozzle (Fig, 1) is a %-Luch J S§ air-supplied,
liquid-siphon pick-up type procured from Spraying Systems Co., 3201
Randolph St., Bellwood, Illinois. Air was supplied to the pneumatic
nozzle (from building service), at 13 psig, through a Universal air
regulating valve (Source: Perfecting Service Co., Charlotte, N.C., Part
No, C 200 A); the microorganisms were siphoned (maximum siphoning height
8 incheg) through the nozzle from a 250-ml flask, A round epray of the
aerosclized microorganisms was produced by mixing the liquid and com-
pressed alr externally at the nozzle orifice. The nozzle disseminated
9.2 ml per minute of the liquid suspension of microorganisms and produced
an aerosol of particles of 3 to 4 microns mass median diameter, spray
distance of approximately 4% feet, and an 8-inch-diameter spray cloud
at 1% feet from the nozzle.

B. JET SPRAYFR

The Jet Spraver, Challenger, Model 5100 CF {5 a 'c

old shearing spray-
ing unit"* procured from the Z&W Manufacturing Corp,, 30242 Cleveland Blvd.,
Wickliffe, Ohlo (Fig. 2). A k-horsepower 110-to 115-volt motor with two-

stage centrifugal compressor provides compressed air. The air enters the
lower impeller se-~tion of the double internal vortex venturi swivel nozzle,
creating a reduced pressure and thereby lifting the liquid from the reservoir
tank and whirling it clockwise through the central chamber. Simultaneously,
air enters the upper impeller in a counter-clockwise direction. As Lhe
liquid meets the opposing air stream, the liquid is sheared from the

sharp edge of the orifice into droplets with an average mass medlan

diameter tanging from less than one to greater than ten microns., Forty-
two per cent of the particles disseminated were less than 6 microuns in
diameter

* vo heat or liquefied gas is employed.
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